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.2012.06.0Abstract The greater Cairo area has many islands formed after the Aswan High Dam construc-
tion. Ministry of water resources and irrigation is interested in studying the development and evo-
lution of these islands in order to reﬂect the esthetic aspects and improvement of the environment
surrounding the islands. This study focuses on Shubra El-Khaima Island which is located upstream
Delta Barrage in the back water curve region. The study aims to propose different alternatives for
island development. GSTAR3.0 model is the most recent version of a series of numerical models for
simulating ﬂow of water and sediment transport and prediction of morphological changes in allu-
vial rivers. This model was used to simulate and examine different alternatives for Shubra island
development on river morphology according to different discharges scenarios. The optimum alter-
native was proposed. Also, the future required precautions to mitigate the effects of this develop-
ment on the stability of watercourse were suggested.
 2012 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
River islands have an economic value since they have high po-
tential for all types of development. The erosion and sedimen-
tation processes in islands are affected by the changes in the
hydraulic characteristics and human interventions.
The construction of Aswan High Dam (AHD) has caused
major changes in hydrological characteristics downstream the
dam consequently affecting the river morphology including is-
land formation and type. Sadek et al. [1] studied and evaluated
the effect of AHD on the morphology of Rosetta Branch.1002614281.
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06Based on the analysis of aerial photos, three types of islands
along the branch have been reported. The ﬁrst was permanent
islands, which have permanent vegetation and distinct from
sand bars (RNP 200-7., 1989) [2] and that stayed unchanged
without being attached to the banks. The second type of islands
was the attachment islands which joined the main banks and
work as a part of the ﬂood plain. This process has increased
the land areas neighboring Rosetta Branch. The under-forming
islands were considered the third type that has begun to form
due to the small amount of water ﬂowing and the heavy
sedimentation resulted from the weak water current.
While, Torab [3] studied that the effect of Aswan High Dam
on other types of islands of Damietta Branch based on the anal-
ysis of hydraulic characteristics. These types were submerged
islands which were exposed to inundation all year, and seasonal
islands which are characterized by appearing during minimum
water requirements by low water levels whereas they become
submerged during the period of maximum requirements.ier B.V. All rights reserved.
26 N. SadekHam and Church [4] studied bar growth and islands devel-
opment during the twentieth century in a gravel reach of Fra-
ser River in the Province of British Columbia in Canada. They
found that below-average ﬂood between 1977 and 2002 caused
vegetation growth which got matured on elevated bar surfaces,
thus, creating new island area. In addition, bed material inﬂux
to the reach was being increasingly deposited along or adjacent
to high bar or island surfaces rather than within main ﬂow
channel. As a result, islands had grown in size and narrowing
and deepening channel took place. The authors did not quan-
tify the relation between the hydrological characteristics and
islands growth.
Raslan and Sadek [5] studied the inﬂuence of varying dis-
charge on the islands of Damietta Branch. They found that is-
lands areas had declined since 1800 and continued to decline
between 1978 and 2003 either by erosion or merging with
banks. Also, islands areas had grown in the back water curve
zone of Zefta and Damietta Barrages. Increasing the ﬂow dis-
charges after 1999 have affected islands geometry. Comparing
data of 1978 with data collected in 2003 showed that length/
width ratio of islands has increased and islands tended to elon-
gate with time as a result of the increased discharge.
Ministry of water resources and irrigation (MWRI) is inter-
ested in studying the development and evolution of islands in
order to reﬂect the esthetic aspects and improvement of the
environment surrounding the islands since they have an eco-
nomic value and it can be used in agriculture and recreation.
In this paper, the Shubra El-Khaima Island evolvement in
Greater Cairo Area is investigated using historical records.
These records include, geometrical information, hydraulicREACH 1
REACH 2
REACH 3
REACH 4
Shobra Elkaima 
Island Km 938.3 
Figure 1 Location map for the reachand hydrological data. The study thus focused on linking the
human interventions within the study area with the hydrologi-
cal parameters to study their effects on the river morphology.
The paper will also propose different alternatives for the island
development to predict the future changes in river morphology.
In this study, the statistical programs could be used to ana-
lyze the historical hydrological data consequently propose the
discharge released scenarios which may have more effect on
river morphological. In order to examine the effect of the pro-
posed alternatives on river aggradation, degradation and bank
erosion a numerical model will be applied to simulate different
critical scenarios of discharge. Based on the results of this anal-
ysis, the optimum alternative will be recommended to mitigate
the morphological changes and to be able kept and beneﬁt use
of this island.
2. Study area characteristics
River Nile is mainly consists of a single channel with a total
length of 953.5 km from downstream AHD to Delta Barrage.
This channel is divided into four reaches segregated by four
historical barrages. The fourth reach is the most downstream
reach between Assiut and Delta Barrages with a total length
of 408.75 km as shown in Fig. 1. The study focuses on Shubra
El-Khaima Island which can be classiﬁed as seasonal island. It
is located upstream Delta Barrage in the back water curve re-
gion and extends from km 938.5 to km 939.50 downstream
(DS) Aswan Dam, to the east from Waraq El-Hader Island
(Permanent Island). The study area characteristics were de-
ﬁned by analyzing the hydrographic and Topographic recentbetween Assiut and Delta Barrage.
Figure 2 Shubra El-Khaima Island location at year 2005 (scale 1:10.000).
Island development impacts on the Nile River morphology 27maps as shown in Fig. 2. It shows that Waraq El-Hader Island
is in the middle river along 9 km divided the river into two
channels. The west channel is called Khor El-Bahr El-Azam.
It is shallow and narrow infested with aquatic weeds. These
weeds cause deposition of bed and suspended sediment helping
attach of this island with the western bank forming the new
valley which may affect enhancing the river morphology in
the near future. Therefore, it is recommended that these weeds
must be removed to avoid this process. On the other hand, in
the eastern channel Shubra El-Khaima Island is located from
km 938.3 to km 939.30 downstream Aswan Dam. In this re-
gion, the sedimentation process is very complicated due to
many of encroachments along the river banks affecting free
river movement. Also, many of curves found along the study
reach which increase the scour hole on the outer concave curve
and deposition in the inner convex curve. Along the east side
of the Shubra Island, the scour holes were monitored and
the water depth reaches about 20 m. Finally, during the max-
imum water requirements period in summer this island is inun-
dated so it is called submerged and seasonal island. Recently
the east channel was dredged to ensure adequate depth for
navigation. The dredged channel has a 100 m width and
2.3 m depth. The side slopes are 5:1.
3. Objective of the research
The main objectives of this research paper are as follows:
 Investigate the Shubra El-Khaima Island evolvement in
Greater Cairo Area using historical records.
 Propose different alternatives for island development and
select the optimum. Predict and analyze morphological changes upstream and
downstream Shubra El-Khaima Island for each alternative
according to different discharge scenarios.
 Evaluate the impact of each development on the river mor-
phology and bank erosion.
 Assure the river capacity and efﬁciency for passing the max-
imum future discharges and the low and high successive dis-
charge, and
 Suggest the future required precautions which are be taken
into consideration after development.
4. Primary investigation
Before suggesting any proposal to develop the island, the
parameters which may affect the river morphology and the
shape of island must be studied. These parameters include:
channel geometry, slope, ﬂow velocity, discharge hydrograph,
sediment concentration, sediment characteristics and vegeta-
tion. These data are considered the main components for
GSTARS 3 model which will be simulated to study the impact
of developing island on river morphology and its stability. Sta-
tistical model Minitab 12 is used and various statistical tests on
the accuracy of the selected distribution for discharge down-
stream Assuit Barrage and water level upstream Delta Bar-
rages are performed.
4.1. Current statues of the morphological changes for the study
area
In this part of research, the morphological changes, the effect
of human interventions and aspects of waterway dredging are
CS1
CS2
CS3
CS4
Wareq El-Hader 
Island
Figure 3 The study region location in 1979 (scale 1:10.000).
Figure 5 Morphological changes for C
Figure 4 Human intervention in the southern part of the Waraq
El-Hader Island (scale 1:10.000).
28 N. Sadekstudied by analyzing the aerial photography map for the study
reach in the years 2005 and 1979 as shown in Figs. 2 and 3.
Sadek [6] stated that the encroachment on the ﬂoodplain
during the last three decades reduced the river capacity.
Fig. 4 (the picture from Google Earth Program) shows the
human intervention brieﬂy which occupied part of the water-
course in the form of a triangle.
Hydrographic survey contour maps which produced in
years 1982 and 2005 were used to deduce 20 cross sections to
monitor and evaluate the morphological changes as examples
for these sections in Figs. 5–8. From analysis, it was found that
signiﬁcant changes (aggradation–degradation) have been oc-
curred. These changes represent in forming the modern island
in the eastern channel of the river which called Shubra El-Kha-
ima Island along length 1 km. The channel width is divided by
the island into the east channel with its width 350 m and the
west channel its width less than 100 m due to growing some
grass on the west side of the island. It is clear that river bed
degradation, local scour up to the deepest level of 3.5 m oc-
curred and bank erosion took place in the west side of theS: (1) at km 939.00 DS Aswan Dam.
Figure 6 Morphological changes for CS: (2) at km 941.00 DS Aswan Dam.
Figure 8 Morphological changes for CS: (4) at km 942.85 DS Aswan Dam.
Figure 7 Morphological changes for CS: (3) at km 942.00 DS Aswan Dam.
Island development impacts on the Nile River morphology 29island. On the other hand the river bed aggradation in the east
side of the island occurred. One of the main factors which may
effect on the study reach morphology is the discharges which
pass in the eastern and western channel of the Wareq Hader
Island. Velocities distribution in the east and west channel
were obtained then the discharge was calculated for each
channel. It has been found that 66% of the total discharge
passes through the eastern channel where the Shubra
El-Khaima Island located. Also, Human interventions and
the extent of aquatic weeds are considered the major contrib-
uting factors of morphological changes.4.2. Statistical analysis of hydrological data
It is known that the variation of discharges released through
rivers and the corresponding changes in water levels result in
a sediment transport process which, in turn, causes riverbed
morphological changes. Therefore, this paper basically intends
to study a statistical analysis of hydrological data including
conduct daily discharge downstream Assuit Barrage and water
level upstream Delta Barrage using the series of data from year
1992 to 2007. This analysis will help in deﬁning the maximum
and minimum discharge and water level. In addition the
30 N. Sadekcumulative probabilities for speciﬁc water levels and discharge
during the study period will be deduced. A computer program
(Minitab 12) was used to perform 15 different probability
distributions; the most suitable distribution will be chosen
according to the ranking of the program. Fig. 9 represents
the actual daily discharge passing downstream the AssuitFigure 9 Daily discharge hydr
Figure 10 The cumulative discharge distribution (log
Figure 11 The cumulative water level distribution (log dBarrage during the study period. From this ﬁgure it can be
concluded that the maximum and minimum discharge was
passed downstream (DS) Assuit Barrage of approximately
184.71 and 25 M m3/day, which was monitored in 2001 and
1995 respectively. While Figs. 10 and 11 represent the cumula-
tive distribution of actual conduct iterative measured dischargeograph DS Assuit Barrage.
distribution) DS Assuit Barrage on fourth reach.
istribution) upstream Delta Barrage on fourth reach.
Table 1 The probability of different discharge.
Percentage Discharge (M m3/day)
0 <25.00
5 <39.98
10 <54.60
25 <79.00
50 <105.90
75 <133.00
90 <157.45
95 <171.92
Max. <184.71
Table 2 The probability of different water level.
Percentage Water level (m)
0 <14.90
5 <15.98
10 <16.08
25 <16.25
50 <16.44
75 <16.63
90 <16.90
95 <16.96
Max. <17.40
Island development impacts on the Nile River morphology 31and water levels for the study period. Tables 1 and 2 represent
the probability of occurrence data of different discharge and
water levels. According to the previous ﬁgures and also the ta-
bles, it can be concluded that the probability of discharge
(171.92 M m3/day) and water level reach (16.96 m) less or
equal is 95%. Meanwhile, the probability discharges
(39.98 M m3/day) and water level reach (15.55 m) less or equal
is 5%. Such data are needed to establish the initial and bound-
ary conditions for Gstars3 model.5. The numerical model used (Gstars3.00)
The mathematical model (GSTARS 3.0) (US Bureau of Recla-
mation, 2002) [7] was used in this research. This model is based
on GSTARS version 2.1 (Yang and Simo˜es, 2000) [8] which
developed by the US Bureau of Reclamation [9] and enhanced
by Yang [10]. GSTAR3 is different from many of the 1-D allu-
vial river modeling computer programs, such as HEC-6 [11,12]
which was developed and modiﬁed by US Army Corps of engi-
neering of USA [13]. This version is called HEC RAS 4.1 and
the edition of March 2008 and has the capability of performing
both hydraulic and sediment transport calculations under win-
dows. However, GSTAR3 is different because it is able to sim-
ulate the ﬂow conditions in a semi-two-dimensional manner
and the change of channel geometry in a semi-three-dimen-
sional manner. This task is performed using stream tubes with-
in an essentially 1-D backwater model. Stream tubes locations
are computed for each time step and may change with time
steps. Sediment routing, bed sorting and armoring computa-
tions are carried for each stream tube apart. The exchange of
sediment materials between stream tubes is allowed by the lat-
eral variation of the stream tube boundaries from time step to
another. Fig. 12 illustrates schematic for the use of streamtubes. The advantage of this approach is to reduce the inten-
sive data and computational requirements of the more sophis-
ticated truly 2-D and 3-D models. In addition, it can handle
irregular cross sections regardless of whether single channel
or multiple channels separated by small islands or sand bars.
Hydraulic parameters and sediment routing are computed
for each stream tube, thereby providing a transverse variation
in the cross section in a semi-two-dimensional manner. Back-
water computations are carried out using the standard step
method based on the conjunctive use of the energy and
momentum equations. The model is also able to deal with sub-
critical or supercritical ﬂow regimes or both simultaneously.
Sediment routing and bed sorting and armoring computations
are performed independently for each stream tube. The model
has 13 transport functions for particle sizes ranging from clay
to silt, sand and gravel including non-equilibrium transport
and ﬂows with high concentration of wash load as a Refs.
[14–17]. The model is able to predict variations in channel
width according to the theory of total stream tube power min-
imization. The d50 for about 44 cross sections (the plotted va-
lue is the average of three samples collected from east, west
and middle parts of the cross sections) collected in years
1977, 1991 and 2008 by Nile Research Institute [18] is shown
in Fig. 13.
5.1. Model calibration
Model calibration is the most important step in any physical or
mathematical simulation process to avoid obtaining unrealistic
model simulation results. The model has been calibrated in two
phases; the ﬁrst was for the different water levels expected to
take place in the study reach and the other for the sediment
transport process. Three sets of data were obtained; the hydro-
graphic, hydrologic, and sediment data of the selected reach.
The geometry of the fourth reach was represented by 110 cross
sections which were taken out from the survey maps of 1982
and those of 2005. The cross sections are condensed up and
down the Shubra El-Khaima Island and the distance between
two consecutive sections of 250 m except that the distance be-
tween remainder sections are 5 km. As for the hydrologic data,
the water levels recorded at 12 gauging stations spread along
the fourth reach and corresponding to minimum and maxi-
mum current discharges of 40, 60, 160 and 180 M m3/day
which passing downstream the Assuit Barrage were obtained.
Fig. 14 represents the result of a mathematical model calibra-
tion conduct 40 M m3/day, the measured water level at the dif-
ferent gauge stations along the fourth reach and the thalweg
path (minimum bed level). It was found that the error ranged
between 0.13 m and +0.20 m from the observed data. While
Fig. 15 illustrates the comparison of the measured and calcu-
lated water level corresponding to minimum, average and max-
imum discharges. From this ﬁgure it can be concluded that
there is a close agreement between predicted and actual results
and the differences are relatively small. Mean relative maxi-
mum errors of the simulated water levels was determined
and it ranged between 15% and +10%. Also, it should be
mentioned that the study area is located in the back water
curve from km 936 to km 943 downstream Aswan Dam where
the relative error almost is zero. The Manning’s roughness was
adjusted to obtain fair calibration. This roughness ranges be-
tween 0.018 and 0.030 which are considered relatively wide
range. As for the sediments, is to determine the best sediment
Figure 12 Schematic representations illustrating the use of stream tubes.
Figure 13 Median grain size.
W.L. Computed (Q=40 mm^3/day)
Figure 14 The result of a mathematical model calibration conduct (40 M m3/day).
32 N. Sadek
Figure 15 The comparison of the measured and calculated water level corresponding to minimum and maximum discharge.
Island development impacts on the Nile River morphology 33transport equation that can be used in the model. To do this,
the grain size accumulation curves at such cross sections were
deduced by analyzing the ﬁeld data samples collected during
the period (2000–2009). The grain sizes required in the sedi-
ment equations (D50, D90, and D35) were computed. Classiﬁ-
cations of bed samples along the study area were ﬁne to
medium sand and mean diameter (Dm) = 0.35 mm, the num-
ber of size fractions were 5 classes and the lower and the upper
bounds of each class was determined. Fig. 16 describes the gra-
dient curve ranges for the bed material at km 938.77 DS As-
wan Dam as the example.
The concentration of particulate matter ranged between
10 ppm and 35 ppm. Medium concentration ratio of particu-
late matter from 11 ppm to 33 ppm in general and the average
concentration of salts (212) mg/l approximately. From data
analysis, it can be concluded that there is no discrepancy in
the concentration of particulate matter whether along study
reach.
Then, using these data and cross sections which mentioned
previously, a new set of cross sections for 2005 was deduced.
These sections were compared with the actual cross sections
practically surveyed in 2005. Applying the different sediment
transport equations (see reference) mentioned above in the
model to deduce cross sections nearly similar to those of the
2005 hydrographic survey. The more reasonable equations
are the equations of the bed-material sediment load transport
(Qs) that were suggested by Ackers and White [17] and Yang
[14]. From Figs. 17 and 18, it can be shown that the trendFigure 16 The gradient curve ranges for the band values for cross section changes simulated by these equa-
tions. It is clear that Yang 1979 gave very close prediction
which compared with actual cross section consequently it will
be used in prediction.
6. Study island development alternatives
The main purpose of this study is to propose three alternatives
development for the Shubra El-Khaima Island with its length
1 km and predicts the morphological changes in the study
reach which may occur according to different discharge scenar-
ios. Fig. 19 shows these alternatives on the Google earth map.
Also it shows bank protection works proposed at the outer
curve in the eastern side for the study reach against bank ero-
sion and banks overtopping to limit high releases hazardous in
the future. The bank protection design should provide enough
protection and stability against different erosion factors with
the least interference with river morphology and the smoothest
alignment. On the same time it should be economically and
environmentally suitable and ﬂexible to accommodate differ-
ent loading conditions especially in extreme loading cases
(such as dynamic loading case). Some parameters effect on
type of bank protection in such away as bank geometry, soil
characteristics, spur dike effects, navigation waves, river
bends, river contraction and river and ground water levels.
Fig. 20 illustrates three alternatives development proposed at
km 938.8 DS Aswan Dam as the example in the river reach
under study. The ﬁrst alternative is to maintain the currented material at km 938.77 DS Aswan Dam.
Figure 17 Calibrated and actual surveyed cross-section at km 938 DS Aswan Dam.
Figure 18 Calibrated and actual surveyed cross-section at km 938.65 DS Aswan Dam.
The island development 
(third proposal) Protection works
CS. at km 
938.80
Figure 19 Shubra El-Khaima development alternatives by the Google earth.
34 N. Sadeksituation for the island and channel where the island is sub-
merged during passing maximum water requirements. So it
can be used only for temporal activities such as seasonal agri-
culture, ﬁsh farming and wildlife refuges. The second alterna-
tive is to raise the island level for about 0.5 m above the level
corresponding to the future ﬂow (350 M m3/day) and sustainthe boundary of the island hence the island to be converted
from submerged island to Permanent Island. The third alterna-
tive was suggested to improve channels for inland navigation
which is considered of high priority for Egypt. It is to reshape
the island boundary by removing the weed plant and also
dredging the watercourse around the island to meet the
Figure 20 Three alternatives development proposed at km 938.8 DS Aswan Dam.
Island development impacts on the Nile River morphology 35navigation requirements (the depth of water 2.3 m below the
lower levels). The dredging material can be used to raise the is-
land level by 0.5 m from the levels corresponding to the future
water level of 350 M m3/day. This increase the area of the is-
land to become 70 thousands square meter approximately 17
Fadden. Therefore it can be used for permanent activities such
as agriculture, recreation activities, farm building, temporary
storage without solid walls and ferry facilities. The model will
be run to simulate these alternatives and to predict the proba-
ble riverbed morphological changes that may prevail in the fu-
ture due to release the future discharge through that reach for
one month for each alternative. Furthermore, a number of
maximum, average, and minimum discharge hydrographs
based on historical recorded data are used to predict the river-
bed changes through the future 10 years.
7. Model implementation
Being conﬁdent with the calibration process, the model was
further applied to simulate two scenarios. First is the maxi-
mum discharge in the future of 350 M m3/day for a period of
30 days. The second scenario is the monthly records of 10
years average discharge (presenting 10 years average discharge
for the period from 1995 to 2005) where they included succes-
sive high and low discharges. Such data were speciﬁcally cho-
sen to represent the most critical situation that can affect the
river morphology. These scenarios were applied for each alter-
native for island development. Comparing the deduced water
cross sections, minimum bed level, aggradations and degrada-
tion for obtained by the model with initial situation for each
alternative proposed. The effect of these characteristics on
the river equilibrium was being analyzed and plotted as the fol-
lowing section.
7.1. Future discharge simulation
Fig. 21 describes aggradation and degradation was predicted
at longitudinal cross-section which representing in the eleva-
tion of minimum point (Thalweg path) for each island devel-
opment alternative. From this ﬁgure, it is clear that the
effect of island alternatives development would be extendedby about 4 km from km 939.2 at the end of the island develop-
ment to km 943.2 downstream Aswan Dam. Slightly changes
at the Thalweg path upstream the starting of island at km
938.2 according to apply different alternatives.
The maximum degradation was found to be 0.7 m for each
alternative but the third alternative is considered the best situ-
ation where the degradation values for several sections are
around between 0 and 0.2 m.
The maximum aggradation was computed to be 2.3, 3.4 and
1.7 m for ﬁrst, second and third alternatives at km 938.7, 938.4
and 938.1 downstream Aswan Dam respectively. In addition
from the ﬁgure it can be observed that over aggradation took
place at several cross sections in case of applying second alter-
native comparing with the ﬁrst and third alternative. But also,
from the results analyzed it can conclude that the third alterna-
tive is considered the optimum development where the rate of
aggradation was found to be the lowest in the most sections in
spite of the study area is located at the back water curve for
Delta Barrage. Moreover it is considered suitable for inland
navigation.
Figs. 22–24 describe the current and simulated cross section
for the ﬁrst, second and third alternatives respectively. For the
ﬁrst alternative, it can conclude that the island was subjected
to inundation and erosion during passing maximum discharge
in the future consequently; this sedimentation was transported
to deposit in the local scour as Fig. 22. Otherwise at the same
location with the other alternatives the bed exposed to erosion
as a result of raising the island level by 0.5 m above the water
level related to the proposed discharge and decreasing the
water section area consequently increase the velocity down-
stream the island development.
Fig. 23 shows the maximum aggradation 3.4 m in case of
applying second alternative and the sedimentation would be
occurred in the navigational channel. While, in case of apply-
ing third alternative it was found the maximum aggradation to
be 1.7 m and occurred only at the local scour as shown in
Fig. 24. Therefore, the third alternative is considered possible
as a kind of protection for the local scour with note maintain-
ing navigational path.
Water section areas for each island development alternatives
were computed for the study reach corresponding to the
Figure 21 Computed aggradations and degradation for island development alternatives corresponding to release emergency discharge.
Figure 22 Current and predicted cross-section at km 939.7 DS Aswan Dam (ﬁrst alternative).
Figure 23 Current and predicted cross-section at km 939.4 DS Aswan Dam (second alternative).
36 N. Sadekemergency discharge as shown in Fig. 25. Also, Figs. 26 and 27
illustrate the rate of erosion and deposition which computed by
dividing the area of erosion or deposition on the water sectionarea along the study reach. From these ﬁgures, it can conclude
that the maximum area was in case of applying the third alter-
native. Also, it was found that the minimum value of erosion
Figure 24 Current and predicted cross-section at km 939.1 DS Aswan Dam (third alternative).
Figure 25 Water section areas for island development alternatives in case of releasing high future discharge.
Figure 26 Erosion rate for island development alternatives in
case of releasing high future discharge.
Figure 27 Deposition rate for island development alternatives in
case of releasing high future discharge.
Island development impacts on the Nile River morphology 37and sedimentation rate for most section occurred in case of
applying third alternative. It is clear from all the result analyzed
and evaluated that the third alternative is the best.
7.2. Successive high and low discharges simulation
In order to predict the probable riverbed morphological
changes that may prevail in the future for each island develop-
ment alternative, a number of maximum, average, and mini-
mum discharge hydrographs based on historical recorded
data were used. Fig. 28 shows the maximum, minimum andaverage discharge yearly for the historical data which was cho-
sen. It is clear that successive high discharge value was during
the period 2000–2005.
Fig. 29 describes aggradation and degradation predicted at
longitudinal cross-section which represents the elevation of
minimum point (Thalweg path) for each island development
alternative after 10 years simulated discharge. The maximum
aggradation is 1.2, 1.74 and 0.64 m for ﬁrst, second and third
alternatives at km 938.2, 938.3 and 938.4 downstream Aswan
Dam respectively. It is concluded that over degradation
around the Shubra Island and over aggradation took place
Figure 28 Max., min. and average yearly discharge DS Assuit Barrage during the study period.
Figure 29 Computed aggradations and degradation for island development alternatives (10 years).
38 N. Sadekat several cross sections just downstream the island in case of
applying second alternative comparing with the ﬁrst and third
alternative.
Figs. 30–32 describe a comparison between the current riv-
erbed levels for each alternative and the future deduced by the
model at the same kilometers which mentioned previouslyFigure 30 Current and predicted cross-section at km 939.through the each alternative in case of releasing the proposed
discharges for 5 years and till 10 years. It is found that more
changes in the river bed level will be occurred during the end
5 years predicted. These ﬁgures can be seen the signiﬁcant
changes in deposition and erosion predicted by reason of
increasing average discharge during this period.2 DS Aswan Dam for 5 and 10 years (ﬁrst alternative).
Figure 31 Current and predicted cross-section at km 939.3 DS Aswan Dam for 5 and 10 years (second alternative).
Figure 32 Current and predicted cross-section at km 939.4 DS Aswan Dam for 5 and 10 years (third alternative).
Island development impacts on the Nile River morphology 39Fig. 30 clears that the maximum aggradation may be oc-
curred at the maximum width of Shubra Island in case of
applying the ﬁrst alternative. In addition, it can be noticed that
some erosion may occur in the eastern side of island and the
local scour will move tending to the west. Fig. 31 indicates that
the maximum aggradation was 1.74 m in the case of applying
the second alternative consequently it can recommend moni-
toring the aggradation in the western waterway and dredging
this channel when it need to keep inland navigation and to
avoid navigation bottleneck. While, Fig. 32 shows the maxi-
mum degradation was occurred only in the local scour at the
end of island in case of applying third alternative while the
aggradation values for several sections around between 0 and
0.64 m. Moreover, the area of erosion and deposition for each
island development alternatives were computed for the study
reach corresponding to the successive suggested discharge for
5 and 10 years as shown in Tables 3 and 4. From these results,
it can conclude the average area of erosion and deposition oc-
curred in case of applying third alternative for 10 successive
years less than the other alternatives which means that the riv-
er will be more stable and equilibrium with this alternative. Fi-
nally, the bank erosion was identiﬁed for each alternative in
the last period suggested. It was found that the length of bank
erosion which needs to the bank protection about 1.4 km, 1.2
and 0.5 km for the ﬁrst, second and third alternatives respec-tively. So, it is clear from all the result analyzed and evaluated
the third alternative is the best development. In addition by
comparing these results for each alternative, it could be con-
cluded that the third alternative has the minimum volume of
dredging. So, it is considered the optimum alternative for nav-
igational requirements.
8. Conclusions and recommendations
The analysis in this paper showed the implications of proposing
three alternatives development for the Shubra El-Khaima Is-
land with its length 1 km. The morphological changes are pre-
dicted in the study reach which may occur according to
different discharge scenarios. It included that evaluating and
analyzing the morphological and hydraulic situation along
the study reach before and after different alternative sugges-
tions for Shubra island development. These alternatives were
maintained the current situation for the island and channel
which is called submerged island with the ﬁrst alternative.
While, the second alternative was by converting the island from
submerged to permanent and kept the boundary of the island.
The third alternative was suggested to improve channels and re-
shape the eastern side of island by removing the aquatic weed to
meet navigation requirements at the same while the island be-
came Permanent Island and the island area that could be used
Table 3 Predicted erosion area for 5 and 10 successive years simulated discharge for different alternative suggestions.
km Alternative
Predicted erosion area after 5 year (m2) Predicted erosion area after 10 year (m2)
1 2 3 1 2 3
938.00 5.00 0.00 7.00 9.50 10.50 10.80
938.30 5.13 43.91 44.82 87.53 110.58 112.37
938.60 15.66 26.96 20.02 42.00 80.50 58.15
938.80 37.57 71.88 32.05 82.74 211.79 51.53
938.90 29.51 8.57 0.00 47.40 52.71 3.15
939.00 91.64 105.02 13.65 171.16 177.46 27.30
939.10 11.57 6.77 19.12 24.67 144.42 38.55
939.20 35.62 73.43 26.48 83.96 174.87 52.95
939.30 0.00 0.00 0.00 0.00 0.00 0.00
939.40 18.99 50.06 122.25 26.07 49.78 242.25
939.50 9.48 19.59 30.86 32.05 13.93 71.59
939.60 48.50 29.95 0.00 123.22 75.98 0.00
939.70 0.00 0.00 23.14 0.00 8.64 48.60
939.80 31.74 21.20 0.00 82.47 43.12 0.00
940.10 0.00 0.00 53.08 0.00 0.00 117.79
940.40 41.51 52.70 0.00 95.51 115.09 0.00
940.70 0.00 0.00 0.00 0.00 0.00 0.00
941.00 0.00 1.09 1.08 27.35 0.78 0.80
Ave. area (m2) 21.22 28.40 21.86 51.98 70.56 46.43
Max. area (m2) 91.64 105.02 122.25 171.16 177.46 242.25
Volume (km3) 0.055 0.084 0.064 0.15 0.20 0.14
Table 4 Predicted deposition area for 5 and 10 successive years simulated discharge for different alternative suggestions.
km DS Aswan Dam Alternative
Predicted deposition area after 5 year (m2) Predicted deposition area after 10 year (m2)
1 2 3 1 2 3
938.00 0.00 0.00 0.00 0.00 0.00 0.00
938.30 0.00 0.00 5.05 0.00 0.00 0.00
938.60 2.44 3.85 5.09 11.40 7.45 11.71
938.80 28.66 65.79 54.28 79.14 187.31 89.70
938.90 8.50 35.45 9.82 0.00 120.27 41.55
939.00 0.00 0.00 0.00 0.00 20.14 0.00
939.10 59.80 49.70 48.72 98.29 16.85 92.54
939.20 43.94 26.42 9.96 147.52 114.08 20.05
939.30 230.69 299.78 139.35 481.16 560.65 320.71
939.40 1.70 0.00 0.00 55.78 111.11 0.00
939.50 14.08 21.38 0.00 39.78 35.56 4.95
939.60 0.00 0.00 25.12 0.00 7.96 43.47
939.70 11.79 25.74 0.00 27.68 47.63 0.00
939.80 0.00 0.00 74.72 0.00 0.00 193.95
940.10 59.61 80.17 0.00 138.92 209.07 0.00
940.40 0.00 0.00 0.00 0.00 0.00 0.00
940.70 50.47 75.15 74.21 118.93 168.88 165.13
941.00 0.00 9.31 8.72 0.00 38.04 35.10
Ave. area (m2) 28.43 38.49 25.28 66.59 91.39 56.60
Max. area (m2) 230.69 299.78 139.35 481.16 560.65 320.71
Volume (km3) 0.075 0.10 0.072 0.18 0.25 0.16
40 N. Sadekis 17 Fadden. Statistical programs were used to analyze the his-
torical hydrological data to select the cases which may have ef-
fect on river morphology. The numerical model (GSTARS3)
was used for simulation of water and sediment transport in
the study reach for discharges scenarios. The model was cali-
brated Yang’s 1979 formula was found the best equation to de-
scribe sediment transport in the fourth reach. The riverbed ofthe study reach would have pronounced changes (aggradation
and degradation) at the different cross sections in case of apply-
ing the second island development alternative corresponding to
the maximum future discharge of 350 Mm3/day were released
for 30 days. The analysis of the results of the numerical models
showed that the expected largest aggradation would be about
2.3, 3.4 and 1.7 m for ﬁrst, second and third alternatives at
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tively. While, the largest degradation would be reach about
0.7 m for each alternative. The third alternative is considered
the best situation where the degradation values for several sec-
tions are around between zero and 0.2 m. If successive different
high, average and low discharges are released through the study
reach for 10 years on a continuous basis, the riverbed at differ-
ent cross sections were expected to undergo severe morpholog-
ical changes. The maximum aggradation could be 1.2, 1.74 and
0.64 m for ﬁrst, second and third alternatives at km 938.2, 938.3
and 938.4 downstream Aswan Dam respectively. It is con-
cluded that over degradation around the Shubra Island and
over aggradation took place at several cross sections just down-
stream the island in case of applying second alternative com-
paring with the ﬁrst and third alternative. Also, the average
area of erosion and deposition occurred in case of applying
third alternative for 10 successive years less than the other alter-
natives which means that the river will be more stable and equi-
librium with this alternative. Finally, the bank erosion was
identiﬁed for each alternative in the last period suggested. It
was found that the length of bank erosion which needs to the
bank protection about 1.4 km, 1.2 and 0.5 for the ﬁrst, second
and third alternatives respectively. From the study results
which were analyzed and evaluated for each island develop-
ment alternative, it could be concluded that the third alterna-
tive was optimum for minimum morphological changes. As,
it could be mitigated the sedimentation about 4 km although
this region suffering from deposition where it is located in the
back water curve. Also, the efﬁciency of navigational path
would be increased and bank erosion was limited. The island
area that could be used is 17 Fadden in agriculture and ferry-
boat along the water year with the MWRI approval. According
to this study, it is recommended that it must be performed long
term environmental, economic and social studies for the pro-
posed alternative. Also, the effect of weeds and controlling their
growth especially in Greater Cairo area which locates in the
back water curve region, where the rate of deposition is very
high to keep the efﬁciency of navigation must be studied in
the future.References
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